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(57) ABSTRACT

An airfoil includes an vane airtfoil, which has a ceramic
matrix composite airfoil section including an outer wall that
defines an 1nternal cavity. The vane airfoil has an associated
temperature profile which defines at least one high tempera-
ture arca and at least one low temperature area. The vane
airfo1l includes a first zone which 1s defined 1n a first radial
extent and corresponds to the high temperature area of the
temperature profile and a second zone defined 1n a second
radial extent and corresponds to the low temperature area of
the temperature profile. An insert 1s situated in the internal
cavity. The 1nsert includes a first zone defined 1n a first radial
extent that 1s aligned with the first zone of the vane airfoil.
The first zone includes a first plurality of cooling holes
which are configured to provide a first cooling density. A
second zone 1s defined m a second radial extent that 1s
aligned with the second zone of the vane airfoil. The second
zone 1ncludes a second plurality of cooling holes that
provide a second cooling density that 1s lower than the first
cooling density such that the high temperature area and the
low temperature area are balanced to lower a thermal
gradient across the first and second zones of the vane airfouil.
An vane airfoil and a method of assembling a ceramic matrix
composite vane airfoil are also disclosed.

24 Claims, 5 Drawing Sheets
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1
BAFFLE WITH IMPINGEMENT HOLES

BACKGROUND

A gas turbine engine typically includes a fan section, a
compressor section, a combustor section and a turbine
section. Air entering the compressor section 1s compressed
and delivered into the combustion section where 1t 1s mixed
with fuel and 1gnited to generate a high-energy exhaust gas
flow. The high-energy exhaust gas flow expands through the
turbine section to drive the compressor and the fan section.
The compressor section typically includes low and high
pressure compressors, and the turbine section includes low
and high pressure turbines.

Any of the fan section, the turbine section, and the
compressor section include airfoils, such as for fan, com-
pressor, or turbine blades. Batlles are known and used in
cooled gas turbine engine airfoils, such as turbine vanes.
Typically, a batlle 1s situated 1n a cavity in the airfoil and
serves to distribute cooling air to precise locations in the
airfoil.

SUMMARY

An airfoil component according to an exemplary embodi-
ment of this disclosure, among other possible things
includes an vane airfoil, which has a ceramic matrix com-
posite airfoil section including an outer wall that defines an
internal cavity. The vane airfoil has an associated tempera-
ture profile which defines at least one high temperature area
and at least one low temperature arca. The vane airfoil
includes a first zone which 1s defined in a first radial extent
and corresponds to the high temperature area of the tem-
perature profile and a second zone defined 1n a second radial
extent and corresponds to the low temperature area of the
temperature profile. An insert 1s situated in the internal
cavity. The insert includes a first zone defined 1n a first radial
extent that 1s aligned with the first zone of the vane airfoil.
The first zone includes a first plurality of cooling holes
which are configured to provide a first cooling density. A
second zone 1s defined in a second radial extent that 1s
aligned with the second zone of the vane airfoil. The second
zone includes a second plurality of cooling holes that
provide a second cooling density that 1s lower than the first
cooling density such that the high temperature area and the
low temperature area are balanced to lower a thermal
gradient across the first and second zones of the vane airfoil.

In a further example of the foregoing, the high tempera-
ture area and low temperature area correspond to an airfoil
section of the vane airfoil.

In a further example of any of the foregoing, the first
plurality of cooling holes have a first hole distribution
density thereby providing the first cooling density. The
second plurality of cooling holes have a second hole distri-
bution density which provide the second cooling density.
The first hole distribution density 1s different from the
second hole distribution density.

In a further example of any of the foregoing, the first
plurality of cooling holes have a first cumulative cross-
sectional area which provides the first cooling density. The
second plurality of cooling holes have a second cumulative
cross-sectional areca which provides the second cooling
density. The first cumulative cross-sectional area 1s different
from the second cumulative cross-sectional area.

In a further example of any of the foregoing, one of the
first and second cooling densities 1s zero, and the other of the
first and second cooling densities 1s nonzero.
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In a further example of any of the foregoing, at least one
rib extends 1n a radial direction on the insert.

In a further example of any of the foregoing, the airfoil
component 1includes a transition zone between the first and
second zones of the insert. The transition zone includes a
gradual change 1n cooling density from the first cooling
density to the second cooling density in a radial direction.

In a further example of any of the foregoing, the vane
airfo1l includes a third zone. The third zone i1s defined 1n a
third radial extent of the vane airfoil. The insert includes a
third zone which 1s defined 1n a third radial extent that 1s
aligned with the third zone of the vane airfoil. The third zone
of the msert includes a third plurality of cooling holes that
provide a third cooling density. The third cooling density
being different from at least one of the first and second
cooling densities.

An vane airfoil according to an exemplary embodiment of
this disclosure, among other possible things includes an
airfoil section which includes an outer wall that defines an
internal cavity. An insert 1s situated in the internal cavity.
The 1nsert includes a first zone which 1s defined 1n a radial
extent of the insert. The first zone includes a first plurality of
cooling holes, and a second zone 1s defined 1n a radial extent
of the msert. The second zone 1ncludes a second plurality of
cooling holes. The first plurality of cooling holes provide a
first cooling density and the second plurality of cooling
holes provide a second cooling density. The first cooling
density 1s different from the second cooling density and the
first plurality of cooling holes and the second plurality of
cooling holes are configured to jet air towards the airfoil
outer wall.

In a further example of the foregoing, the vane airfoil
includes a transition zone between the first and second
zones. The transition zone includes a gradual change in
cooling density from the first density to the second density
in a radial direction.

In a further example of any of the foregoing, the vane
airfo1l includes a third zone which 1s defined 1n a radial
extent of the isert. The third zone includes a plurality of
cooling holes. The plurality of cooling holes 1n the third zone
have a third density. The third density being different from
at least one of the first and second densities.

In a further example of any of the foregoing, the insert 1s
a spar, and the spar 1s configured to provide structural
support to the airfoil section.

In a further example of any of the foregoing, the airfoil
section 1S a ceramic matrix composite.

A method of assembling a ceramic matrix composite vane
airfo1l according to an exemplary embodiment of this dis-
closure, among other possible things includes providing an
insert. The insert includes a first zone defined 1n a first radial
extent with respect to an airfoil component and corresponds
to a first expected temperature of the airfoil component. A
second zone 1s defined 1n a second radial extent with respect
to the airfoll component and corresponds to a second
expected temperature of the airfoill component. The first
zone has a first plurality of cooling holes that provide a first
cooling density which corresponds to the first expected
temperature and the second zone has a second plurality of
cooling holes that provide a second cooling density which
corresponds to the second expected temperature. The {first
and second expected temperatures are different from one
another. An 1nsert 1s inserted into the airfoil component.

In a further example of the foregoing, at least some of the
first and second pluralities of cooling holes are configured to
jet air towards the airfoil component 1n a direction normal to
a wall of the airfoill component.
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In a further example of any of the foregoing, the first
plurality of cooling holes are spaced apart from one another
by a first distance, which provides the first cooling density.
The second plurality of cooling holes are spaced apart from
one another by a second distance, which provides the second
cooling density. The first distance 1s different from the
second distance.

In a further example of any of the foregoing, the first
plurality of cooling holes have a first cumulative cross-
sectional area, which provide the first cooling. The second
plurality of cooling holes have a second cumulative cross-
sectional area which provide the second cooling density. The
first cumulative cross-sectional area 1s diflerent from the
second cumulative cross-sectional area.

In a further example of any of the foregoing, the msert 1s
a spar, and the spar 1s configured to provide structural
support to the airfoil section.

In a further example of any of the foregoing, a third zone
defined 1n a third radial extent with respect to the airfoil
component, and corresponds to a third expected temperature
of the airfoil component. The third zone includes a third
plurality of cooling holes that provide a third cooling
density. The third cooling density being different from at
least one of the first and second cooling densities.

In a further example of any of the foregoing, the insert
includes at least one rib which extends 1n a radial direction
on the insert.

Although the different examples have the specific com-
ponents shown 1n the illustrations, embodiments of this
invention are not limited to those particular combinations. It
1s possible to use some of the components or features from
one of the examples 1n combination with features or com-
ponents from another one of the examples.

These and other features disclosed herein can be best
understood from the following specification and drawings,
the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the present dis-
closure will become apparent to those skilled in the art from
the following detailed description. The drawings that
accompany the detailed description can be brietly described
as follows.

FIG. 1 schematically shows an example gas turbine
engine.

FIG. 2 schematically shows an example airfoil for the gas
turbine engine of FIG. 1.

FIG. 3A-C show example temperature profiles for an
example airfoil for the gas turbine engine of FIG. 1.

FIGS. 4A-D show example inserts for the example airfoil
for the gas turbine engine of FIG. 1 that correspond to the
thermal gradients of FIGS. 3A-C.

Although the different examples have the specific com-
ponents shown 1n the illustrations, embodiments of this
invention are not limited to those particular combinations. It
1s possible to use some of the components or features from
one of the examples in combination with features or com-
ponents from another one of the examples.

These and other features disclosed herein can be best
understood from the following specification and drawings,
the following of which 1s a brief description.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a gas turbine engine 20.
The gas turbine engine 20 1s disclosed herein as a two-spool
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turbofan that generally incorporates a fan section 22, a
compressor section 24, a combustor section 26 and a turbine
section 28. The fan section 22 drives air along a bypass flow
path B 1n a bypass duct defined within a nacelle 15, and also
drives air along a core flow path C for compression and
communication into the combustor section 26 then expan-
sion through the turbine section 28. Although depicted as a
two-spool turbofan gas turbine engine in the disclosed
non-limiting embodiment, 1t should be understood that the
concepts described herein are not limited to use with two-
spool turbofans as the teachings may be applied to other
types of turbine engines including three-spool architectures.

The exemplary engine 20 generally includes a low speed
spool 30 and a high speed spool 32 mounted for rotation
about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38.
Terms such as “axial,” “radial,” “‘circumierential,” and
variations of these terms are made with reference to the
engine central axis A. It should be understood that various
bearing systems 38 at various locations may alternatively or
additionally be provided, and the location of bearing sys-
tems 38 may be varied as appropriate to the application.

The low speed spool 30 generally includes an inner shaft
40 that interconnects, a first (or low) pressure compressor 44
and a first (or low) pressure turbine 46. The inner shaft 40
1s connected to the fan 42 through a speed change mecha-
nism, which 1n exemplary gas turbine engine 20 1s 1llustrated
as a geared architecture 48 to drive a fan 42 at a lower speed
than the low speed spool 30. The high speed spool 32
includes an outer shaft 50 that interconnects a second (or
high) pressure compressor 52 and a second (or high) pres-
sure turbine 54. A combustor 56 1s arranged 1n exemplary
gas turbine 20 between the high pressure compressor 52 and
the high pressure turbine 54. A mid-turbine frame 357 of the
engine static structure 36 may be arranged generally
between the high pressure turbine 54 and the low pressure
turbine 46. The mid-turbine frame 37 further supports bear-
ing systems 38 in the turbine section 28. The inner shait 40
and the outer shait 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A
which 1s collinear with their longitudinal axes.

The core airflow 1s compressed by the low pressure
compressor 44 then the high pressure compressor 52, mixed
and burned with fuel in the combustor 56, then expanded
over the high pressure turbine 54 and low pressure turbine
46. The mid-turbine frame 57 includes airfoils 59 which are
in the core airtlow path C. The turbines 46, 54 rotationally
drive the respective low speed spool 30 and high speed spool
32 1n response to the expansion. It will be appreciated that
cach of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and fan
drive gear system 48 may be varied. For example, gear
system 48 may be located aft of the low pressure compres-
sor, or ait of the combustor section 26 or even aft of turbine
section 28, and fan 42 may be positioned forward or aft of
the location of gear system 48.

The engine 20 1n one example 1s a high-bypass geared
aircrait engine. In a further example, the engine 20 bypass
ratio 1s greater than about six (6), with an example embodi-
ment being greater than about ten (10), the geared architec-
ture 48 1s an epicyclic gear train, such as a planetary gear
system or other gear system, with a gear reduction ratio of
greater than about 2.3 and the low pressure turbine 46 has a
pressure ratio that 1s greater than about five. In one disclosed
embodiment, the engine 20 bypass ratio 1s greater than about
ten (10:1), the fan diameter 1s significantly larger than that
of the low pressure compressor 44, and the low pressure
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turbine 46 has a pressure ratio that 1s greater than about five
5:1. Low pressure turbine 46 pressure ratio 1s pressure
measured prior to inlet of low pressure turbine 46 as related
to the pressure at the outlet of the low pressure turbine 46
prior to an exhaust nozzle. The geared architecture 48 may
be an epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater than
about 2.3:1 and less than about 5:1. It should be understood,
however, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and that the
present mvention 1s applicable to other gas turbine engines
including direct drive turbofans.

A significant amount of thrust 1s provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 1s designed for a particular flight condition—
typically cruise at about 0.8 Mach and about 35,000 feet
(10,668 meters). The flight condition of 0.8 Mach and
35,000 1t (10,668 meters), with the engine at 1ts best fuel
consumption—also known as “bucket cruise Thrust Specific
Fuel Consumption (“ISFC’)’—is the industry standard
parameter of lbm of fuel being burned divided by 1lbf of
thrust the engine produces at that minimum point. “Low fan
pressure ratio” 1s the pressure ratio across the fan blade
alone, without a Fan Exit Guide Vane (“FEGV”) system.
The low fan pressure ratio as disclosed herein according to
one non-limiting embodiment 1s less than about 1.45. “Low
corrected fan tip speed” 1s the actual fan tip speed 1n {t/sec
divided by an industry standard temperature correction of
[(Tram ° R)/(518.7°R)] 0.5. The “Low corrected fan tip
speed” as disclosed herein according to one non-limiting
embodiment 1s less than about 1150 ft/second (350.5 meters/
second).

FIG. 2 schematically shows an vane airfoil 100 from the
turbine section 28 of the engine 20. A plurality of vane
airfoils 100 are situated 1n a circumierential row about the
engine central axis A. The vane airfo1l 100 includes a first or
inner platform 102, a second or outer plattorm 104, and an
airfo1l section 106 that spans between the mner and outer
platforms 102/104. The airfoil section 106 includes an airfoil
outer wall 108 that delimits the profile of the airfoil section
106. The outer wall 108 defines a leading end 108qa, a
trailing end 1085, and first and second sides 108¢/108d that
join the leading and trailing ends 108a/1085. In this
example, the first side 108c¢ 1s a suction side and the second
side 1084 1s a pressure side. The outer wall 108 circum-
scribes an internal cavity 110. The cavity 110 may be a
single cavity or a sub-cavity, for example.

The vane airfoil 100 1s formed of a ceramic material, such
as a ceramic matrix composite (CMC) material. For
example, the CMC 1includes a ceramic matrix and ceramic
fibers disposed 1n the ceramic matrix. The ceramic matrix
may be, but 1s not limited to, silicon carbide (S1C) and the
ceramic fibers may be, but are not limited to, silicon carbide
(S1C) fibers. The CMC 1s comprised of fiber plies that are
arranged 1n a stacked configuration and formed to the
desired geometry of the vane airfoil 100. For instance, the
fiber plies may be layers or tapes that are laid-up one on top
ol the other to form the stacked configuration. The fiber plies
may be woven or unidirectional, for example. At least a
portion of the fiber plies are continuous through the plat-
forms 102/104 and the airfoil section 106. In this regard, the
vane airfoil 100 1s a continuous body in that the fiber plies
are uninterrupted through the platforms 102/104 and the
airfo1l section 106.

The vane airfoil 100 also includes an insert 112 that 1s
disposed 1n the internal cavity 110. For instance, the insert
112 can be a spar, which provides structural support for the
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vane airfoil 100. In another example, the insert 112 1s a
batile. In yet another example, the mnsert 112 1s configured to
act as both a spar and a batlle.

The 1nsert 112 includes an msert wall 113 that defines and
surrounds a central cavity. In one example, the insert wall
113 generally tracks the shape of the airfoil outer wall 108.
The insert wall 113 includes a plurality of cooling holes 120.
During operation of the engine 20, the outer face of the
airfo1l outer wall 108 1s exposed to hot combustion gases.
Cooling air such as bleed air from the compressor section 24
(FI1G. 1), 1s provided into the internal cavity 110 of the vane
airfo1l 100 and to the central cavity 114 of the insert 112. The
cooling holes 120 jet the cooling air towards the sides
108¢/108d of the airfoil section 106. This jetting provides
impingement cooling to the airfoil section 106.

To assemble the vane airfoil 100, the insert 112 1s inserted
into the airfoil section 106 from an opening 111 shown 1n
FIG. 2. In the example of FIG. 2, the opening 111 1s 1n the
outer platform 104, but 1n another example, the opening can
be 1n the inner platform 102. The insert 112 1s then secured
to the vane airfoil 100 or another surrounding structure in the
engine 20, such as by attachment features 116. Once seated,
the mnsert 112 1s then secured 1n place, such as to the vane
airfo1l 100 or another adjacent structure in the engine 20.
Such an 1nstallation of the insert 112 into the airfoil section
106 may be conducted as an initial assembly of the vane
airfo1l 100 or, alternatively, as part of a repair or replacement
process. For example, the baflle 112 can be bolted, clamped,
or otherwise joined to either of the airfoil section 106, the
adjacent structures in the engine 20, or both.

The mnsert 112 may be provided as a pre-fabricated
component for the isertion into the airfoil section 106.
Alternatively, the insert 112 may be fabricated through a
forming process as part of the assembly process of the vane
airfoi1l 100. Furthermore, the insert 112 can be installed as
above as part of an original fabrication of the vane airfoil
100, or as a repair or reconstruction of a vane airfoil 100
alter a period of use 1n the engine 20.

As discussed above, during operation of the engine 20, the
airfo1l section 106 1s exposed to hot combustion gases 1n the
engine 20 and experiences a thermal gradient in the radial
direction R (FIG. 2). That 1s, certain areas of the airfoil
section 106 experience higher temperatures than others.

In general, vanes formed of superalloys employ a thermal
management strategy that involves cooling the vane as much
as possible, to avoid exceeding the temperature limit of the
superalloy and to limit effects of creep and fatigue. This
paradigm dictates use of cooling schemes designed to maxi-
mize cooling eflects. Ceramic materials, such as the CMC
material discussed above, however, have high maximum use
temperatures 1n comparison to metallic superalloys. There-
fore, vanes formed of ceramic materials have no need to
employ the same thermal management strategy that 1s used
for superalloy vanes.

Additionally, ceramic materials have significantly lower
thermal conductivity than superalloys and do not possess the
same strength and ductility characteristics, making them
more susceptible to distress from thermal gradients and the
thermally induced stresses those cause. Therefore, although
maximum cooling may be desirable for superalloy vanes,
maximized cooling of a ceramic vane may exacerbate ther-
mal gradients and thus be counter-productive to meeting
durability goals. The cooling scheme represented in the
examples described herein takes the approach of reducing
thermal gradients, e.g., balances the temperature of various
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arcas of the airfoil to a lower thermal gradient across the
airfoil, to facilitate mitigation of thermal stresses on the
ceramic.

FIGS. 3A-C show example thermal profiles for airfoil
section 106 1n the form of temperature (1) plotted against
radius (R), 1.e., a temperature profile. In FIGS. 3A-C, the
airfo1l section 106 defines a radial span R of 0% at the
innermost end of the airfoil section 106 and a radial span R
of 100% at the radially outermost end of the airfoil section
106. As shown the thermal profiles can include localized
“hot spot” peaks of high temperatures and areas of relatively
lower temperature valleys.

The mnsert 112 includes cooling holes 120 that facilitate
impingement cooling of the airfoil outer wall 108 by jetting
cooling air towards the airfoil outer wall 108. Because of the
thermal profiles discussed above, some areas of the airfoil
outer wall 108 benefit from more cooling than other areas.
Accordingly, the cooling holes are distributed throughout
the insert to address the thermal profiles 1n order to balance
the temperatures of various areas of the airfoil outer wall 108
to a lower thermal gradient across the airfoil outer wall 108.
In other words, the distribution of cooling holes 120 corre-
sponds to the thermal gradient such that more cooling 1s
provided 1n areas of the airfoil section 106 that are expected
to experience higher temperatures and less cooling 1s pro-
vided 1n areas of the airfoil section 106 that are expected to
experience lower temperatures. To that end, a higher density
of cooling holes 120 are provided 1n areas that require more
cooling to balance the temperatures of various areas of the
the airfo1l outer wall 108 to a lower thermal gradient across
the airfoil outer wall.

The amount of cooling, or “cooling density,” 1s related to
a cumulative cross-sectional area of the cooling holes 120 1n
an 1mcremental radial region of the airfoil section 106. The
cumulative cross-sectional area 1s 1 turn related to the
cooling hole 120 distribution density (number of cooling
holes 120 in an area of the airfoil section 106, which 1s 1n
turn related to the spacing between adjacent holes 120), the
cumulative size of the cooling holes 120, or both. In other
words, cooling density can be increased by increasing the
cumulative size of the cooling holes 120, increasing the hole
120 distribution density (e.g., providing more cooling holes
in an area by decreasing a distance d between cooling holes),
or both. Conversely, cooling density can be decreased by
decreasing the cumulative size of the cooling holes 120,
decreasing the hole 120 distribution density, or both.

The cooling holes 120 can be circular in shape, or can
have other shapes such as ovals or the like. The cooling
holes 120 can all be the same size (e.g., have the same
cross-sectional area) or have varying sizes. The cooling
holes 120 can be punched 1nto the matenal of the insert 112,
which can be thin metal such as sheet metal. In general, the
cooling holes 120 are configured to jet cooling air towards
the airfoil outer wall 108 such that the cooling air impinges
the airfoil outer wall 108 at an angle approximately normal
to the airfoil outer wall 108. However, 1n some examples, the
cooling holes 120 may jet the cooling air at a different angle
with respect to the airfoil outer wall 108.

FIGS. 4A-C show example 1nserts that correspond to the
thermal gradients of FIGS. 3A-C, respectively. That 1s, the
insert ol FI1G. 4A has a cooling hole 120 distribution selected
for a vane airfoil 100 that experiences the thermal profile
shown 1 FIG. 3A such that the thermal gradient across the
vane airfoil 100 1s reduced, and so on. It should be under-
stood that the example thermal gradients of FIGS. 3A-C are
only exemplary, and that other thermal gradients are con-
templated. Accordingly, the corresponding example inserts
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4A-C are also only exemplary, and other inserts are con-
templated so long as they correspond to a thermal gradient
as discussed herein.

As shown 1n FIG. 3A, the temperature profile includes
three main temperature zones 11, T2, and T3. Each tem-
perature zone T1, T2, T3 includes a peak or valley tempera-
ture and the shoulders around the peaks/valleys. For
example, the temperature zones may include a peak/trough
temperature and a shoulder that represents plus/minus 400
degrees F. from the peak/valley. In a more particular
example, the temperature zones may include a peak/trough
temperature plus/minus 200 degrees F. Accordingly, the
msert 212 of FIG. 4A includes three main zones Z1, 72, 73
that correspond to the temperature zones 11, T2, T3, respec-
tively. Each zone 71, 72, 73 1s defined along a radial extent
of the insert 212 wall 213.

Because each of the zones Z1, 72, 73 experience tem-
peratures 1n a different temperature range, each of the zones
/1, 72, 73 requires a diflerent cooling density. Accordingly,
each of the zones 71, 72, 73 have a different distributions
ol cooling holes 120.

The zone Z3 experiences relatively low temperatures, and
has a relatively low cooling density. As discussed above, a
relatively low cooling density can correspond to a relatively
smaller hole 120 distribution density (e.g., relatively larger
distance d3 between adjacent cooling holes 120). However,
it should be understood that a relatively low cooling density
can also correspond to a relatively smaller cumulative
cross-sectional area of cooling holes 120 in zone Z3.

The zone 72 experiences relatively high temperatures,
and has a high cooling density. As discussed above, a
relatively high cooling density can correspond to a relatively
larger hole 120 distribution density (e.g., smaller distance d2
between adjacent cooling holes 120). In one example, the
hole 120 distribution density 1n zone Z3 differs from the hole
120 distribution density i zone Z2 by at least 50%. In
another example, the hole 120 distribution density in zone
/.3 differs from the hole 120 distribution density 1n zone 72
by at least 20%. In an third example, the hole 120 distribu-
tion density 1n zone 7.3 differs from the hole 120 distribution
density 1n zone Z2 by at least 10%.

However, 1t should be understood that a relatively high
cooling density can also correspond to a relatively larger
cumulative cross-sectional area of the cooling holes 120 1n
zone 7Z2. In one example, the cumulative cross-sectional
area ol the cooling holes 120 1n zone Z3 diflers from the
cumulative cross-sectional area of the cooling holes 120 1n
zone 72 by at least 50%. In another example, the cumulative
cross-sectional area of the cooling holes 120 1n zone 73
differs from the cumulative cross-sectional area of the
cooling holes 120 1n zone 72 by at least 20%. In another
example, the cumulative cross-sectional area of the cooling
holes 120 1n zone 73 differs from the cumulative cross-
sectional area of the cooling holes 120 1n zone Z2 by at least
10%.

The zone 71 experiences mid-range temperatures, and has
cooling density in between that of the zones Z2 and 73,
corresponding to either or both of a distance d2 between
adjacent cooling holes between the distances d1 and d3, or
a cumulative cross-sectional area of cooling holes 120 1n
between the cumulative cross-sectional area of cooling holes
120 1n zones 72 and Z3, in another example. The differing
cooling densities 1n the zones Z1, 72, Z3 of the insert 212
address hot spots due to the temperature profile along the
airfo1l section 106 1n the radial direction (FIG. 3A), resulting
in a lowering of the temperature gradient across the airfoil
section 106.
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In one example, there 1s a transition area between zones
which provides a gradual change 1n cooling density between
adjacent zones 11, T2, T3. As shown 1 FIGS. 3A-C, the
thermal gradients may include gradual changes between
adjacent zones. Accordingly, transition areas correspond to
these gradual changes in temperature so that the cooling
density in the zones Z1, 72, Z3 corresponds to the thermal
gradient as 1t changes between zones 11, T2, T3.

In the example of FIG. 3B, a first transition zone 100a 1s
between zones Z1 and 72, and a second transition zone 1005
1s between zones 72 and Z3. The transition zones 100a/1005
have a graded cooling density. That 1s, the transition zones
100a/1005 provide a gradual change in cooling density
between the adjacent zones 71, 72, Z3. More particularly, in
the example of FIG. 4A, the transition zone 100a has a
gradual decrease 1n cooling density from the cooling density
in 72 to the cooling density in Z1 as radial span increases.
Transition zone 1006 has a gradual increase 1n cooling
density from the cooling density 1n Z3 to the cooling density
in /2 as radial span increases. The transition zones 100a/
1006 smooth the temperature peaks along the airfoil section
106 1n the radial direction to avoid very large temperature
changes between adjacent regions of the airfoil section 106,
which facilitates the maintenance of a relatively constant
temperature across the airfoil section 106 1n the radial
direction.

FIG. 4B shows another example isert 312 that corre-
sponds to the temperature profile of FIG. 3B. As above, the
insert 312 includes a plurality of zones 71, Z2, 73 each with
cooling holes 120. Each zone corresponds to a zone 11, T2,
T3 of the temperature distribution in FIG. 3B. In this
example, the zones 71 and Z3 experience relatively low
temperatures, and have a relatively low cooling density. The
zone 7.2 experiences relatively high temperatures, and has a
relatively high cooling density. Transition zones 100a/1005
are between the zones like 1n the example insert of FIG. 4A
discussed above.

In this example, the zones Z1 and Z3 include cooling
holes 120 of varying sizes and shapes. For instance, zones
/1 and 73 include relatively larger oval-shaped cooling
holes 122 as well as relatively smaller circular cooling holes
120. However, 1t should be understood that other distribu-
tions/combinations of various cooling holes can be used.
Regardless, the same principles regarding cooling hole den-
sity discussed above apply.

FIG. 4C shows another example insert 412 that corre-
sponds to the temperature profile of FIG. 3C. FIG. 4D shows
an example insert 412. FI1G. 4D shows a cross-section of the
insert 412 along the section line A-A shown 1n FIG. 4C. The
insert 412 includes an 1nsert wall 413 that defines a central
cavity 414. As for the prior mserts of FIGS. 4A-B discussed
above, the 1nsert 412 includes a plurality of zones 71, 72,
/3, 74, each with a different cooling density that corre-
sponds to a zone T1, T2, T3, T4 of the temperature distri-
bution 1n FIG. 3C. In this example the zones 72 and 74
experience relatively low temperatures, and have a cooling
density of zero (e.g., no cooling holes). The zones Z1 and 73
experience relatively high temperatures and have a non-zero
cooling density. In this example, the zone Z1 includes
relatively large oval-shaped cooling holes 122 and the zone
/3 1ncludes relatively small circular cooling holes 120,
though other sizes/shapes of cooling holes could be used in
either zone 71, Z3 to provide cooling density as discussed
above.

In the example of FIGS. 4C-D, the imsert 412 also
includes rails or ribs 418 extending 1n a radial direction. In
the example shown, the msert 412 includes two ribs 418,
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though more or less ribs could be used. Furthermore, the rib
418 can run along the entire radial extend of the insert 412
or only a portion of the radial extent of the isert 412, as
shown 1n the example of FIGS. 4C-D. As shown 1n FIG. 4D,
cooling air D 1s jetted through the cooling holes 120, 122
towards the airfo1l outer wall 108 (shown 1n phantom 1n FIG.
4D) and 1nto a space S between the airfoil outer wall 108 and
the isert 412. The ribs 418 direct cooling air flowing
between the 1nsert 412 and the airfoil outer wall 108 to flow
in a radial direction towards a radially inner end of the airfoil
section 106. The resulting cross-tlow of cooling air D 1n the
radial direction enhances cooling of the airfoil outer wall
108 1n conjunction with the impingement cooling provided
by the cooling holes 120, 122.

Though the ribs 418 are shown 1n the example of FIGS.
4C-D, 1t should be understood that any of the examples
described herein could include the ribs 418.

Although the different examples are 1llustrated as having
specific components, the examples of this disclosure are not
limited to those particular combinations. It 1s possible to use
some of the components or features from any of the embodi-
ments in combination with features or components from any
of the other embodiments.

The foregoing description shall be interpreted as illustra-
tive and not 1n any limiting sense. A worker of ordinary skall
in the art would understand that certain modifications could
come within the scope of this disclosure. For these reasons,
the following claims should be studied to determine the true
scope and content of this disclosure.

What 1s claimed 1s:

1. An airfoil component comprising;:

an vane airfoil having a ceramic matrix composite airfoil

section ncluding an outer wall that defines an internal
cavity, the vane airfoil having an axial extent defined
between a leading end and a trailing end, the vane
airfo1l having an associated temperature profile defin-
ing at least one high temperature area and at least one
low temperature area, the vane airfoil including a first
zone extending across the axial extent from the leading
end to the trailing end and defined 1n a first radial extent
and corresponding to the high temperature area of the
temperature profile and a second zone extending across
the axial extent from the leading end to the trailing end
and defined 1n a second radial extent and corresponding,
to the low temperature area of the temperature profile
wherein the first zone 1s radially mward from the
second zone along the radial extent; and

an 1nsert situated 1n the internal cavity, the msert including

a first zone defined 1n a first radial extent that 1s aligned
with the first zone of the vane airfoil, the first zone
including a first plurality of cooling holes configured to
provide a first cooling density across an axial extent of
the insert, and a second zone defined 1n a second radial
extent that 1s aligned with the second zone of the vane
airfoil, the second zone including a second plurality of
cooling holes that provide a second cooling density
across the axial extent of the insert that 1s lower than the
first cooling density such that the high temperature area
and the low temperature area are balanced to lower a
thermal gradient across the first and second zones of the
vane airfoil.

2. The airfoill component of claim 1, wherein the high
temperature area and low temperature area correspond to an
airfo1l section of the vane airfoil.

3. The airfoil component of claim 1, wherein the first
plurality of cooling holes have a first hole distribution
density thereby providing the first cooling density and
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wherein the second plurality of cooling holes have a second
hole distribution density thereby providing the second cool-
ing density, wherein the first hole distribution density 1is
different ifrom the second hole distribution density.

4. The airfoil component of claim 1, wherein the first
plurality of cooling holes that have a first cumulative cross-
sectional area thereby providing the first cooling density and
wherein the second plurality of cooling holes have a second
cumulative cross-sectional area thereby providing the sec-
ond cooling density, wherein the first cumulative cross-
sectional area 1s different from the second cumulative cross-
sectional area.

5. The airfoil component of claim 1, further comprising at
least one rib extending in a radial direction on the insert.

6. The airfoil component of claim 1, further comprising a
transition zone between the first and second zones of the
isert, wherein the transition zone includes a change 1n
cooling density from the first cooling density to the second
cooling density 1n a radial direction.

7. The airfoil component of claim 1, wherein the vane
airfoil includes a third zone, the third zone defined i1n a third
radial extent of the vane airfoil, wherein the insert includes
a third zone defined in a third radial extent that 1s aligned
with the third zone of the vane airfoil, wherein the third zone
of the mnsert includes a third plurality of cooling holes that
provide a third cooling density, third cooling density being
different from at least one of the first and second cooling
densities.

8. The airfoil component of claam 7, wherein the third
zone 1s radially mmward from the first zone along the radial
extent.

9. The airfoil component of claim 1, wherein the vane
airfoil includes a third zone, the third zone defined 1n a third
radial extent of the vane airfoil, wherein the insert includes
a third zone defined in a third radial extent that i1s aligned
with the third zone of the vane airfoil, wherein the third zone
of the msert has a third cooling density that 1s zero.

10. A vane airfoil comprising:

an airfoil section including an outer wall that defines an

internal cavity, the airfoil section having an axial extent
defined between a leading end and a trailing end; and
an 1nsert having an axial extent defined between a first end
corresponding to the leading end of the airfoil section

and a second end corresponding to the trailing end of

the airfoil section, the insert situated in the internal
cavity, the msert including a first zone defined across

the axial extent from the first end to the second end of

the insert, and defined 1n a radial extent of the insert, the
first zone including a first plurality of cooling holes,
and a second zone defined across the axial extent from
the first end to the second end of the insert, and defined
in a radial extent of the insert, the second zone includ-
ing a second plurality of cooling holes, wherein the first
plurality of cooling holes provide a first cooling density
across the axial extent of the insert and the second
plurality of cooling holes provide a second cooling
density across the axial extent of the insert, wherein the
first cooling density 1s higher than the second cooling
density and the first plurality of cooling holes and the
second plurality of cooling holes are configured to jet
alr towards the airfoil outer wall, and wherein the first
zone 1s radially inward from the second zone along the
radial extent.

11. The vane airfoil of claim 10, further comprising a
transition zone between the first and second zones, wherein
the transition zone includes a change 1n cooling density from
the first density to the second density 1n a radial direction.
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12. The vane airfoil of claim 10, further comprising a third
zone defined 1n a radial extent of the insert, the third zone
including a plurality of cooling holes, wherein the plurality
of cooling holes 1n the third zone have a third density, the
third density being different from at least one of the first and
second densities.

13. The vane airfoil of claim 10, wherein the insert is a
spar, and the spar 1s configured to provide structural support
to the airfoil section.

14. The vane airfoil of claim 10, wherein the airtfoil
section 1s a ceramic matrix composite.

15. A method of assembling a ceramic matrix composite
vane airfoil comprising:

providing an insert, the insert including:

a first zone defined across an axial extent between {first
and second axial ends of the insert, the first and
second axial ends corresponding to leading and
tralling ends of an airfoill component, respectively,
and defined 1n a first radial extent with respect to the
airfoll component and corresponding to a first
expected temperature of the airfoill component

a second zone defined 1n across an axial extent between
first and second axial ends of the insert, and defined
in a second radial extent with respect to the airfoil
component and corresponding to a second expected
temperature of the airfoill component

wherein the first zone has a first plurality of cooling
holes that provide a first cooling density across the
axial extent of the insert corresponding to the first
expected temperature and the second zone has a
second plurality of cooling holes that provide a
second cooling density across the axial extent of the
insert corresponding to the second expected tem-
perature, wherein the first expected temperature 1s
higher than the second expected temperature,
wherein the first cooling density 1s higher than the
second cooling density, and wherein the first zone 1s
radially inward from the second zone along the radial
extent; and

inserting the insert ito the airfoil component.

16. The method of claim 15, wherein at least some of the
first and second pluralities of cooling holes are configured to
jet air towards the airfoil component 1n a direction normal to
a wall of the airfoil component.

17. The method of claim 15, wherein the first plurality of
cooling holes are spaced apart from one another by a {first
distance thereby providing the first cooling density and
wherein the second plurality of cooling holes that are spaced
apart {from one another by a second distance thereby pro-
viding the second cooling density, wherein the first distance
1s different from the second distance.

18. The method of claim 15, wherein the first plurality of
cooling holes that have a first cumulative cross-sectional
area thereby providing the first cooling density and wherein
the second plurality of cooling holes that have a second
cumulative cross-sectional area thereby providing the sec-
ond cooling density, wherein the first cumulative cross-
sectional area 1s different from the second cumulative cross-
sectional area.

19. The method of claim 15, wherein the insert 1s a spar,
and the spar 1s configured to provide structural support to the
airtoil section.

20. The method of claim 15, further comprising a third
zone defined 1n a third radial extent with respect to the airfoil
component and corresponding to a third expected tempera-
ture of the airfoil component the third zone including a third
plurality of cooling holes that provide a third cooling
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density, the third cooling density being different from at least
one of the first and second cooling densities.

21. The method of claim 15, wherein the insert further
comprises at least one rib extending in a radial direction on
the 1nsert.

22. The airfoil component of claim 8, wherein the third
cooling density 1s less than the first cooling density.

23. The airfo1l component of claim 22, wherein the third
cooling density 1s between the first cooling density and the
second cooling density.

24. The airfo1l component of claim 22, wherein the third
cooling density 1s less than the first cooling density and the
second cooling density.
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